Cultured myocardial cells isolated from avian or mammalian species by enzymatic treatment provide a valuable preparation for investigation of cardiac function. Procedures of choice for preparation of cultures, e. g., Kasten (15) , employ modifications of methods pioneered by Cavanaugh (2) and Harary and Farley (7) and derive cells from cardiac tissue of embryonic or neo-natal animals. Various methods have been used to isolate single myocardial cells from adult tissue but attempts to prepare cultures of spontaneously contractile cells from animals older than about 14 days have failed (1, 8, 15, 16, 33, 34) .
Long-term cultures of myocardial cells derived from adult animals could offer opportunities for biochemical, pharamacological, and physiological investigation not available with cultures from immature animals. How and why cells of adult-derived cultures differ from those from immature animals is one obvious area for study. In addition it might become possible to conduct experiments in vitro on cells which have been influenced in situ by disease or other phenomena manifest only in mature animals (cf. 31).
A method is described here for preparing long term cultures of spontaneously contractile myocardial cells isolated from mammals at various stages of postnatal development including adulthood. The purpose of this report is to give details of the preparative procedure and to establish, by reporting preliminary results, the validity and utility of the method. Papers to follow will report details of development of the cultures and results of other experiments. fabricated apparatus which removes enzyme-loosened cells by a gentle abrading action of silicone elastomer fingers. Fig. 1 shows the device (finger apparatus) used in the isolation procedure.* Two disks with four circular rows of round finger-like projections are cast from Dow-Corning type 382 Medical Grade Elastomer (Dow Corning Corp., Medical Products Division, Midland Michigan, U.S.A.). One (lower) disk is held stationary being glued (Silastic Medical Adhesive, Silicone Type A, Dow Corning Corp., Medical Products Division, Midland Michigan, U.S.A.) fingers-up into one end of a 25 mm diameter glass tube with which it forms a liquid-tight vessel. The other (upper) disk mounted on a nylon shaft is rotatable and fits freely, fingers down, into the vessel. The nylon shaft passes through a teflon piece which serves as a bearing and as a tightly fitting cap for the vessel. The rows of fingers on the upper and lower disks interdigitate when the apparatus is assembled, and the lower disk has a central hub-like projection which fits into a complementary fingerless area of the upper disk. The hub prevents tissue from accumulating in the central region where the finger speed is lowest. The upper disk and teflon cover respectively have a segmental slot and a hole which when aligned permit insertion of a teflon tube for injection or withdrawal of solution. A nylon collar clamped to the shaft with a set screw allows the degree of interdigitation of fingers to be set. The shaft of the apparatus is flexibly coupled to a reduction gear train driven by a variable speed motor. 
RESULTS
Cell viability and yield. With very rare exceptions the method described here pro duces isolated myocardial cells exhibiting spontaneous contractility and morphologi cal integrity in culture for a minimum of 24 hours. An estimated 20 percent of the cultures contain myocardial cells which continue to contract spontaneously for only 24 to 48 hours. These cultures show extensive fibroblastic growth but the myocardial cells degenerate and contractile loci fail to develop. About 60 percent of the cultures develop loci which continue to contract spontaneously for 7 to 14 days and about 20 percent develop loci which continue to contract spontaneously for 14 to 30 days. On a few occasions cultures developed loci which continued to contract spontaneously for 60 days at which time they were fixed for histological examination. No attempts have been made to maintain cultures with spontaneously contractile loci for more than 60 days. Cell viability determined by dye exclusion was measured for 11 preparations from donors 28 to 105 days old. Newly harvested cells were plated in Saline A plus trypan blue as described by Phillips (26) and assayed for ability to exclude dye. Via bility ranged from 50 to 97 percent. Two preparations had viabilities of less than 80 percent and eight had viabilities greater than 90 percent.
Cell yields were obtained by counting aliquots of culture innocula. Both a hemocy tometer and a specially designed chamber of 0.1ml volume were used in the counting procedure. The 30 minute harvest contains cellular debris and blood cells and occa-sionally some myocardial cells. Successive harvests have markedly fewer blood cells, and about the same amount of debris and an increasing number of spontaneously contractile myocardial cells. The 90 or 120 minute harvests usually produce the greatest yield. The yield of cells ranges widely even under apparently identical condi tions. However, the following generalizations can be made. Yield is inversely related to the age of the animal (donor) from which cells are derived. For a rat younger than 30 days the yield is of the order 103 to 104 cells per ml of medium. For a rat between 30 and 300 days the yield is of an order 10 to 100 times lower. Occasionally a multicel lular clump is harvested along with the isolated cells but this is a rare occurrence.
Newly harvested cells can be classified into two morphologically distinct groups, round or elongated. Round cells can be further classified as striated and optically dense, or as optically transparent. All of the elongated cells are striated. Over 90 per cent of the elongated cells from donors over 60 days old are binucleate with the remaining ones being mono or tri-nucleate. In neo-natal animals a somewhat smaller percentage of elongated cells are binucleate and the large majority of round cells are mononucleate.
Development in culture. Elongated myocardial cells from donors 1 to 300 days old initially undergo a characteristic morphological change, becoming round and opti cally dense. Both the rate at which this transition takes place and the number of cells which remain viable throughout are inversely related to the age of the donor. Cells from neo-natal donors have not yet been studied extensively but they have been ob served to undergo the transition in from 1 to 12 hours. Judging these cultures by the relative lack of degenerated cells after the transition, the high percentage of cells at tached to the substratum, and the relatively rapid subsequent development, viability is very high. In the case of cells from older donors (e.g., 120 days old) the transition takes 12 to 72 hours and only about 20 percent of the cells attach to the substratum and show subsequent development. The other approximately 80 percent of cells in these cultures initially develop an irregular (rough) outline and a disorganized granular cytoplasm and finally fall into total disarray.
Development subsequent to completion of the elongate to round transition depends upon the age of the donor. For donors up to about 30 days old, growth and division appear to proceed rapidly. Usually in about 4 to 7 days a contiguous layer of fibro -blastic cells develops and numerous contractile myocardial cell loci are in evidence. Such loci frequently exhibit synchronous contractility extending over a few cell diameters. For donors over about 60 days old, development is slower. In 6 to 10 days a contiguous layer of primarily fibroblastic cells develops. Within this layer are located isolated and apparently unicellular contractile loci. After 10 to 20 days in culture these loci spread and flatten out into a characteristic shape with two nuclei in evidence. Fig. 2 is a sequence of photomicrographs showing, in phase contrast, the development of a spontaneously contractile locus in a culture from a 120 day rat.
Spontaneous contractility. It is not unusual to observe that contractile cells from donors of all ages undergo periods of quiescence lasting from a few minutes to a few days. It is therefore necessary to repeatedly observe a locus in order to decide whether it is capable of spontaneous contractility.
Elongated cells show two kinds of contractile activity. The most common, type one, is a longitudinal shortening with an amplitude of 25 to 30 percent of the rest length of the cell. The second kind of contractility, type two, does not result in any 
DISCUSSION
The method described here provides a new preparation for investigation of myo cardial function. It would be satisfying, if not useful, to understand the basis for its success. Unfortunately, like many cell culture techniques, mystery is one pervasive ingredient and is likely to be displaced only by a costly program of experiments. Notwithstanding this, some insights might be obtained from considering a few major differences between the present method and more conventional methods.
Relative mildness of mechanical treatment and high purity of enzymes to which the tissue is subjected are two outstanding features of the present method. Cells subjected to washing, centrifugation, or repeated pipetting are known to be adversely affected, perhaps through the loss of membrane or cytoplasmic components (17, 21, 28) . A magnetic stirbar or pipetting are commonly employed in disaggregation of cardiac tissue. These treatments are generally followed by filtration and/or centrifugation for harvesting cells which have been released from tissue. Few workers report the angular velocity of stirbar or centrifuge used in their cell isolations. However the maximum 12 rpm of the finger apparatus is considerably slower than the slowest speed attainable by ordinary commercially made magnetic stirrers. Furthermore, harvesting cells by centrifugation at 80g is a very gentle treatment relative to that used in the few cases where such data are reported. On the basis of these facts it is reasonable to infer that the mechanical treatment of the present method is more gentle than that normally used.
Various enzymes have been used to isolate myocardial cells (9, 15, 28, 30, 33) . Some workers have suggested the use of enzymes other than trypsin and some note that highly purified enzymes may be advantageous. However most still employ re latively crude preparations of trypsin. In early stages of development of the present method crude enzyme preparations were tried. These were abandoned however when use of more highly purified preparations increased the yield of intact cells and reduced the number of damaged cells. This was not entirely unexpected since it is known that trypsin does enter cardiac cells during isolation and does do some intracellular damage (13, 14) . In the case of cells from adult donors, impurities in enzyme preparations might destroy cells outright or might cause latent injury predisposing cells to mechani cal damage.
As the embryonic heart develops, intercellular junctions are relatively simple in structure and limited in number. The complexity and number of junctions increases postpartum until juvenile life (3, 23) . Perhaps this is the basis of the relative difficulty of obtaining robust myocardial cells from adult donors. Cell injury associated with cleavage of numerous intercellular junctions could render cells more fragile and there by make gentle mechanical treatment a very critical factor in promoting subsequent in vitro survival. It is clear that cells isolated by the present method (from donors of all ages) exhibit an elongated, striated morphology very similar to that in situ (24, 34) . This and the fact that the cells can contract spontaneously and continually from the time of isolation is in sharp contrast to neo-natal and embryonic myocardial cells isolated by conventional methods. It is taken as an indicator of the relatively low degree of damage done by the present method. Conventionally isolated cells are round and do not show spontaneous contractility until about 16 to 24 hours in culture. The onset of contractility corresponds to the time at which they become attached to the culture substratum. It has been suggested (7) that the initial delay of contractility is related to a requirement of the contractile process for development of tension. Abun dant evidence that cardiac contractility and myocardial tension or deformation are intimately related is reviewed by Jensen (10) . It is possible that a cytoskeletal structure which initially allows isolated cells to maintain their elongated shape in vitro also sup plies a resistive structure for development of intracellular tension facilitating spon taneous contractility.
The amount of debris harvested is a major drawback of the method. It might be possible to alleviate this problem by secondary treatment, such as gradient centrifuga tion. However it is likely that additional treatment will decrease the already low in vitro survival. The abundance of debris at harvest and the subsequent failure of many myo cardial cells from adult donors to develop into beating loci are indicative of cell dam age and seem inconsistent with the high viability measured by dye exclusion. A similar result was found with myocardial cells isolated from chick embryos (18) . In this case dye exclusion measurements indicated a 68 percent viability but only 40 percent of cells survived in vitro. It seems likely that viability as determined by dye exclusion is a necessary but not sufficient condition for in vitro survival. Such viability measure ments apparently fail to detect certain types of damage which finally reduce in vitro survival.
A limited investigation was carried out to determine the effect on cell yield and amount of debris when some parameters of the procedure were varied. Enzyme con centration and mixture, interharvest interval, speed of centrifugation, speed of finger apparatus and dimensions of the elastomeric fingers were varied systematically. A control and an experimental finger apparatus were used in every trial. Each apparatus contained one-half of the cardiac tissue excised from the donor animal. In general, effects on yield and debris due to to changes in parameters were small relative to the apparently inherent variability of the method. For example, a change of enzyme con- 
